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Abstract
Objective: To compare MIP and MEP determined in healthy subjects with those predicted using the equations 
proposed in another study, and, if necessary, to suggest new equations for MIP and MEP to be used in the Brazilian 
population. Methods: The study sample comprised 60 healthy males and 60 healthy females, 20-80 years of age 
(20 subjects per ten-year age bracket). Maximal respiratory pressures were determined following a standardized 
protocol. Results: Regarding MIP, the measured values were significantly lower than those predicted for both 
males (31%) and females (24%). There were no significant differences between measured and predicted MEP in 
either gender. We found that age presented the greatest power to predict MIP and MEP in both genders. New 
equations were proposed. Conclusions: The previously proposed equations were unable to predict MIP and MEP 
for all of the subjects in our sample. Therefore, the results of this study can facilitate the prediction of respiratory 
muscle strength in healthy adult subjects in Brazil. Further studies, involving subjects from different regions of 
the country, could lead to the development of better tables or equations for maximal respiratory pressures in the 
Brazilian population. 
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Resumo
Objetivo: Comparar PImáx e PEmáx medidas em indivíduos saudáveis com os valores previstos utilizando-se 
as equações propostas em outro estudo e, se necessário, sugerir novas equações para PImáx e PEmáx para a 
população brasileira. Métodos: Participaram do estudo 60 homens e 60 mulheres saudáveis com idades entre 20 e 
80 anos (20 indivíduos por faixa etária de 10 anos). As pressões respiratórias máximas foram determinadas segundo 
um protocolo padronizado. Resultados: Os valores medidos de PImáx foram significativamente menores que 
aqueles previstos tanto para homens (31%) e mulheres (24%). Não houve diferenças significativas entre a PEmáx 
medida e prevista nos dois gêneros. A idade provou ser a variável com melhor poder preditivo para PImáx e PEmáx 
nos dois gêneros. Novas equações foram propostas. Conclusões: As equações propostas no estudo prévio não 
foram capazes de predizer PImáx e PEmáx de todos os indivíduos de nossa amostra. Portanto, os resultados deste 
estudo podem facilitar a predição da força muscular respiratória de adultos saudáveis no Brasil. Novos estudos, 
com indivíduos de diferentes regiões do país, poderão contribuir para o desenvolvimento de melhores tabelas ou 
equações para as pressões respiratórias máximas na população brasileira.
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that there are differences among studies for 
certain variables, and that new equations should 
therefore be drawn up.
Methods
The study sample comprised 120 healthy 
subjects (60 males and 60 females), 20-80 years 
of age, residing in the city of São Carlos, located 
in the state of São Paulo, Brazil. Each of the six 
ten-year age brackets used in the study included 
10 male and 10 female subjects.
The volunteers were selected according to 
the criteria of having a BMI between 18.0 and 
29.5 kg/m2(8) and being a nonsmoker. Subjects 
with a history of respiratory or cardiovascular 
disease were excluded, as were those with any 
neuromuscular disease that would prevent 
the tests from being performed. All of the 
volunteers received guidance and information 
about the study procedures, in accordance with 
Brazilian National Health Council Resolution 
196/96. The human research ethics committee 
of the institution approved the study (Protocol 
# 01/06), and the participants gave written 
informed consent.
After the anamnesis, during which an 
evaluation record, containing questions about 
smoking, practice of regular physical activity, 
presence of cardiovascular and respiratory 
dysfunction, family history and medications 
in use, was filled out, the anthropometric 
measures were collected. Weight and height 
were measured with a calibrated scale (Welmy 
S.A., Santa Bárbara do Oeste, Brazil), whereas 
BMI was calculated according to the formula 
BMI = weight (kg)/height 2 (m2).
We determined MIP and MEP values with a 
previously calibrated aneroid vacuum manometer 
(GER-AR, São Paulo, Brazil), graduated in 
cmH2O, with a range of ± 300 cmH2O. The 
manometer was equipped with a mouthpiece 
adapter containing an orifice of approximately 
2 mm in diameter in order to prevent a rise in the 
intraoral pressure generated by the contraction 
of the buccinator muscles, thereby hindering 
interference in the results, in accordance with 
the recommendations given in two studies.(5,9)
The volunteers remained seated, with the 
trunk at an angle of 90° with the hip, and their 
feet on the ground, using a nasal clip in all 
maneuvers.
Introduction
In 1969, Black & Hyatt(1) introduced a simple 
form of measuring maximal respiratory pressures 
with a manometer/vacuum manometer graduated 
in cmH2O, showing that this constituted a 
quantitative measure of the function and 
strength of the respiratory muscles.(2) Since then, 
respiratory muscle strength has universally been 
measured by determining maximal respiratory 
pressures.
The measurement of respiratory muscle 
strength is carried out by assessing the maximal 
static respiratory pressure generated in the 
mouth after complete inhalation and exhalation, 
characterizing, respectively, MIP and MEP, which 
are indicative of the strength of the inspiratory 
and expiratory muscle groups.(3) According to 
one study,(4) MIP is a measure of inspiratory 
muscle strength, whereas MEP measures the 
strength of abdominal and intercostal muscles. 
The determination of MIP and MEP is a simple, 
practical and accurate method.
Due to the importance of measuring maximal 
respiratory pressures, especially in respiratory 
therapy, various studies have been conducted in 
an endeavor to establish tables with predicted 
values for MIP and MEP, considering factors 
such as age, gender and height in different 
populations. In Brazil, there have been few 
studies regarding reference values for maximal 
respiratory pressures, although a few have 
been of note: Camelo Jr. et al.(5) were the first 
authors to suggest MIP and MEP values for 
the adult Brazilian population; Neder et al.(6) 
proposed predictive equations for the Brazilian 
population; and Parreira et al.(7) discovered that 
the equations proposed by Neder et al.(6) were 
not capable of predicting MIP and MEP values 
in the target population.
It is important to note that when the 
equations proposed by Neder et al.(6) are used in 
the clinical practice of respiratory therapy, they 
do not always predict the maximal respiratory 
pressures with exactness. Therefore, in view of 
the scarcity of reference tables for the Brazilian 
population, the objective of this study was 
to compare MIP and MEP values obtained 
from healthy adult subjects with those of the 
equations proposed by Neder et al.,(6) as well as to 
establish new equations for the determination of 
predicted MIP and MEP values for the Brazilian 
population. The hypothesis of this study was 
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The correlations of MIP and MEP with the 
independent variables (age, weight, height and 
BMI) were determined by means of Pearson’s 
correlation coefficient. The variables that 
presented statistically significant correlations 
were placed in linear regression models in order 
to establish the predictive equations for the 
respiratory pressures.
Finally, the percentage variability for MIP 
and MEP values measured in the sample was 
calculated with the predicted values, together 
with the confidence interval for each age bracket, 
separated by gender, in order to determine to 
which age brackets the new proposed equations 
would be more adequate. The level of significance 
was set at p ≤ 0.05.
Results
The anthropometric data of the study sample 
are presented in Table 1. 
The measures of maximal respiratory 
pressures found in this study were compared 
with the predicted values using the equations by 
Neder et al.(6), separated by gender.
All of the MIP values measured in the 
sample were lower than those predicted for both 
males and females, and these differences were 
significant (p ≤ 0.05). However, no significant 
differences were found between measured and 
predicted MEP values for males and females 
(Table 2).
For the determination of MIP, subjects were 
asked to make a maximal inspiratory effort, 
starting from RV, whereas, for that of MEP, a 
maximal expiratory effort, starting from TLC, 
was elicited.(10) All of the subjects performed 
at least three reproducible maneuvers, each 
maintained for at least one second, until three 
technically adequate efforts had been made. For 
data analysis, the highest value was recorded, 
provided that it did not exceed the second 
highest value by 10%. We compared the values 
measured in this study with those predicted 
using the equations proposed by Neder et al.(6) 
for MIP and MEP, as follows:
For males: 
•	MIP:	y	=	−0.80	×	age + 155.3 
•	MEP:	y	=	−0.81	×	age + 165.3 
For females: 
•	MIP:	y	=	−0.49	×	age + 110.4
•	MEP:	y	=	−0.61	×	age + 115.6
Data were statistically analyzed with the 
Statistical Package for the Social Sciences, 
version 11.0 (SPSS Inc., Chicago, IL, USA). 
Initially, to compare the measured values with 
those predicted using the equations proposed by 
Neder et al.,(6) the Shapiro-Wilk test was used for 
assessing normal distribution. Student’s t-test 
was used for variables with normal distribution, 
whereas the Wilcoxon test was used for those 
with non-normal distribution. For the Bland & 
Altman plots, MedCalc, version 9.4.1.0 (MedCalc 
Software, Mariakerke, Belgium) was used.
Table 1 - Anthropometric data of the study sample by gender and age bracket.a
Age bracket,  
years
Anthropometric data
Age, years Weight, kg Height, m BMI, kg/m2
Males
20-29 23.30 ± 3.27 71.44 ± 10.74 1.76 ± 0.07 23.15 ± 2.13
30-39 32.70 ± 2.26 72.29 ± 7.63 1.75 ± 0.08 23.55 ± 1.42
40-49 44.27 ± 3.10 76.85 ± 13.73 1.69 ± 0.07 26.63 ± 3.12
50-59 54.80 ± 3.39 81.65 ± 8.63 1.76 ± 0.05 26.50 ± 3.04
60-69 63.70 ± 2.63 73.18 ± 3.91 1.70 ± 0.08 25.52 ± 2.84
70-80 77.00 ± 2.79 65.62 ± 11.89 1.64 ± 0.05 24.31 ± 3.90
Females
20-29 22.40 ± 2.55 59.18 ± 8.80 1.62 ± 0.06 22.47 ± 3.52
30-39 33.30 ± 2.91 65.51 ± 8.37 1.66 ± 0.07 23.79 ± 2.96
40-49 44.80 ± 2.78 63.40 ± 9.92 1.62 ± 0.09 23.96 ± 2.29
50-59 54.20 ± 3.29 61.69 ± 5.96 1.58 ± 0.06 24.88 ± 1.94
60-69 64.70 ± 3.83 65.19 ± 7.95 1.59 ± 0.05 25.87 ± 2.11
70-80 75.70 ± 3.16 61.30 ± 6.62 1.56 ± 0.07 25.14 ± 2.61
aValues expressed as mean ± SD; each age bracket comprised 10 subjects.
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•	MEP:	y	=	−1.26	×	age + 183.31
•	(R2 = 48.9; RSE = 586.81; SEE = 24.22; 5th 
percentile	=	−38.95)
Females:
•	MIP:	y	=	−0.46	×	age + 74.25
•	(R2 = 24.8; RSE = 300.72; SEE = 17.20; 5th 
percentile	=	−28.83)
•	MEP:	y	=	−0.68	×	age + 119.35
•	(R2 = 35.14; RSE = 315.33; SEE = 17.76; 
5th	percentile	=	−23.24).
where R2 is the coefficient of determination, RSE 
is the residual standard error, and SEE is the 
standard error of the estimate.
Considering the variability for the predicted 
values, it was shown that the fluctuation was 
greater for MIP than for MEP, especially for 
males in the 30-39 year age bracket. For females, 
the fluctuation was greater for MIP, but with 
the greatest variability in the 70-80 year age 
bracket.
Discussion
The search for reference values for respiratory 
muscle strength has encouraged researchers in 
several countries to establish equations. Johan 
et al.(11) compared MIP and MEP values in 
Chinese, Malaysian and Indian adults and found 
significant ethnic differences in the respiratory 
pressures. Bruschi et al.(12) established equations 
for the Italian population, considering age and 
gender, as well as body surface area.
When Pearson’s correlation coefficient was 
used to determine which variables would better 
explain the respiratory pressure values, MIP 
correlated positively with height and weight for 
males (r = 0.34; p = 0.008 and r = 0.33; p = 0.01, 
respectively), as did MEP for males (r = 0.38; 
p =0.03 and r = 0.294; p =0.02, respectively). 
However, MIP and MEP negatively correlated 
with	age	(r	=	−0.72	and	r	=	−0.68,	respectively;	
p < 0.001 for both).
For females, MIP presented a weakly positive 
correlation with height (r = 0.269; p = 0.04) 
and a moderately negative correlation with 
age	(r	=	−0.49;	p	<	0.001),	whereas	MEP	only	
presented a moderately negative correlation with 
age	(r	=	−0.405;	p	=	0.001).	
The concordance between measured and 
predicted values was visually assessed using 
Bland & Altman plots (Figures 1 and 2).
Since age was the variable with the best 
predictive power regarding maximal respiratory 
pressures, this variable was considered in a simple 
regression analysis model in order to establish 
the equations for MIP and MEP. On the basis of 
the linear regression model, considering gender 
and age as predictive variables, the following 
equations for MIP and MEP are proposed for the 
Brazilian population:
Males:
•	MIP:	y	=	−1.24	×	age + 232.37
•	(R2 = 60.73; RSE = 356.58; SEE = 18.88; 
5th	percentile	=	−23.38)
Table 2 - Measured and predicted MIP and MEP for males and females.a
Age bracket,  
years
MIP, cmH2O MEP, cmH2O
Measured Predicted Measured Predicted
Men
20-29 −113.5	± 18.11 −136.72	± 2.53* 148 ± 29.46 146.43 ± 2.65
30-39 −120	± 16.16 −129.14	± 1.81* 135.5 ± 31.92 138.81 ± 1.83
40-49 −100.42	± 16.44 −119.97	± 2.38* 127.08 ± 19.59 129.53 ± 2.41
50-59 −86	± 26.23 −114.46	± 10.85* 112.5 ± 27.21 120.91 ± 2.75
60-69 −85.00	± 22.61 −104.34	± 2.10* 104.00 ± 22.09 113.70 ± 2.13
70-80 −53	± 19.18 −93.7	± 2.23* 74.5 ± 22.79 102.93 ± 2.26
Women
20-29 −80.50	± 20.06 −99.42	± 1.25* 100.00 ± 18.41 101.94 ± 1.55
30-39 −82.5	± 22.88 −93.64	± 1.69* 94 ± 17.61 95.29 ± 1.77
40-49 −78.6	± 20.94 −88.50	± 1.44* 105.5 ± 25.54 88.27 ± 1.70
50-59 −69	± 19.41 −83.84	± 1.61* 88.5 ± 21.35 82.54 ± 2.01
60-69 −63.5	± 13.55 −78.70	± 1.88* 71 ± 9.07 76.13 ± 2.34
70-80 −52	± 11.83 −73.31	± 1.55* 66.5 ± 14.15 69.42 ± 1.93
aValues expressed as mean ± SD; each age bracket comprised 10 subjects. *p ≤ 0.05 vs. measured values from the 
corresponding age bracket (Shapiro-Wilk test; Student t-test; Wilcoxon test).
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the equations by Neder et al.(6) were incapable of 
predicting MIP and MEP in the present study. 
Considering that the methodology used in 
the present study was similar to that employed 
in the study conducted by Neder et al.,(6) one 
possible explanation for these differences could 
be that, in that study,(6) the diameter of the orifice 
of the measuring instrument was not specified. 
This might have resulted in overestimated values, 
due to undesired contraction of the buccinator 
muscles, since the activation of these muscles 
can generate a pressure that interferes with that 
According to the results obtained in the 
present study, MIP was shown to be significantly 
lower than the predicted values using the 
equations proposed by Neder et al.(6) for both 
males (a difference of 31%) and females 
(a difference of 24%) in the 20-80 year age 
bracket. Although MEP was predominantly lower, 
there were no statistically significant differences 
between the measured and predicted values for 
either gender (differences of 10% and 6% for 
males and females, respectively). Therefore, our 
results showed that the predicted values using 
Figure 2 - Concordance between mean MEP values (measured and predicted) for males (in A) and females (in 
B), by age bracket, using Bland & Altman plots. Mean ± 1.96 SD (in cmH2O); 95% CI vs. mean of the difference 
between	the	mean	values	(measured	MEP	−	predicted	MEP).
Figure 1 - Concordance between mean MIP values (measured and predicted) for males (in A) and females (in 
B), by age bracket, using Bland & Altman plots. Mean ± 1.96 SD (in cmH2O); 95% CI vs. mean of the difference 
between	the	mean	values	(measured	MIP	−	predicted	MIP).
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for this decrease, according to the authors, was 
the sarcopenia associated with the aging process. 
According to a few studies,(2,14,19) respiratory 
muscle strength decreases approximately 8-10% 
per decade from the age of 40 onward. 
Black and Hyatt(1) measured MIP and MEP 
in healthy subjects 20-86 years of age and 
formulated an equation related to the age 
parameter. Other authors(13) measured the 
same parameters in White individuals (adults 
and children), using age, height and weight 
to consider equations in order to determine 
predicted values. 
Similarly to Neder et al.,(6) we observed that 
age had the greatest predictive power. Using 
gender and age as variables, we proposed new 
equations for the determination of respiratory 
muscle strength in the Brazilian population. 
However, in order to determine in which age 
brackets the proposed new equations could 
best be applied, the percentage variability for 
MIP and MEP values that were measured was 
calculated together with the predicted values, 
and we found that the proposed equations 
would be better adjusted for MIP for males from 
the age of 30 onward and for females in the 
70-80 year age bracket.
In conclusion, the results of this study can 
contribute to that by Neder et al.(6) in order 
to predict the inspiratory muscle strength in 
particular. Therefore, this study shows that the 
new equations for the determination of MIP 
and MEP are possible alternatives and can be 
used for some age brackets, confirming the 
initial hypothesis of the study. It is important to 
point out that further studies are still necessary, 
involving a greater sample of subjects from 
various regions in Brazil so that new tables or 
equations for the determination of maximal 
respiratory pressures in the Brazilian population 
can be drawn up.
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